Several investigations have demonstrated in vitro antibacterial activity of plant extracts. Kalanchoe pinnata is globally used in folk medicine for the treatment of various diseases, such as diarrhea, infections, tuberculosis and fever. Among the enteropathogenic bacteria, enteroaggregative Escherichia coli (EAEC) is an important cause of diarrhea in the world. EAEC is also capable of forming biofilms, conformation that provides antibiotic resistance and a high degree of dispersion and reinfection, which may represent up to 80% of causes of human microbial infections. Thus, it becomes necessary to search for new antimicrobial agents with activity against biofilms. The aim of this study was to evaluate the cytotoxic, antibacterial and antibiofilm in EAEC from aqueous extracts of leaves and the flavonoids quercetin and rutin, occurring in K. pinnata. Leaf aqueous extracts were obtained and evaluated phytochemically. The cytotoxic activity was evaluated in human carcinoma cell lines HEp-2, Caco-2 and T84. The antibacterial activity was evaluated by the macrodilution method and the evaluation of antibiofilm activity was performed in Escherichia coli enteroaggregative (EAEC 042). Aqueous extracts of K pinnata do not show toxicity to Hep-2, but all other cell lines were sensitive to this extract. Instead, the flavonoids quercetin and rutin showed no cytotoxicity with any of the tested cell lines. Quercetin is capable of inhibiting bacterial growth of all tested strains. The aqueous leaf extract and quercetin were able to inhibit EAEC 042 biofilm formation above 50%. The results indicate the potential use of the species in treatment of bacterial infections.
INTRODUCTION
Kalanchoe pinnata (Lam.) Pers., also referred by its synonym Bryophyllum pinnatum (Lam.) Kurz., is a species of the Crassulaceae family, commonly known in Brazil as saião-roxo (Oliveira et al., 2003) . This plant *Corresponding author. E-mail: labplan_uerj@yahoo.com.br. Tel: 55 021 223340273. Fax: 55 021 23340595.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License is commonly used for various medical applications, such as in the treatment of diarrhea, conjunctivitis, dermatitis, eczema, fever, infections, tuberculosis, respiratory infections, inflammation, among others (Majaz et al., 2011) .
The in vitro antibacterial activity of various extracts from K. pinnata had been reported in the literature, like methanolic and alcoholic extracts from leaves, stem and roots. Among the bacterial species susceptible to these extracts are Enterococcus faecalis (Aibinu et al., 2007) , Escherichia coli (Pattewar et al., 2013) , Klebsiella pneumoniae (Okwu and Nnamdi, 2011) , Pseudomonas aeruginosa (Tatsimo et al., 2012) , Salmonella typhi (Nwadinigwe, 2011) , Shigella dysenteriae (Akinpelu, 2000) , Staphylococcus aureus (Biswas et al., 2011) , and others.
Among the enteropathogenic bacteria, enteroaggregative Escherichia coli (EAEC) is an important cause of diarrhea in the world, being related to cases of diarrhea of persistent diarrhea especially in children, HIV-infected individuals and from travelers in developing countries (Berry et al., 2014) . In these countries, the cause of death due to persistent diarrhea in infants between 1 and 11 months is 30%. In children up to 4 years old this rate can reach 69% (Rahman et al., 2014) .
In addition to its aggregative ability in human intestinal cells, EAEC is able to form biofilms on surfaces.
This configuration provides antibiotic resistance and a high degree of dispersion and reinfection, which may represent up to 80% of causes of human microbial infections (Bueno, 2014) . The nature of biofilms is able to protect them from adverse conditions such as desiccation, UV, toxic compounds and antibiotics, favoring the persistence (Abdel-Aziz and Aeron, 2014). Thus, is it important to search for new antimicrobial agents with activity against biofilms.
Much of the antimicrobial activity of plant extracts is related to the action of flavonoids, substances that also have nutraceutical importance, due to the organoleptic properties of food and pharmacological activities on human health (Tapas et al., 2008) .
Although not produced by the human metabolism, flavonoids have various pharmacological activities such as anti-allergic, anti-inflammatory and anti-ulcer. Over four thousand substances belonging to the group have been identified, having highlighted in K. pinnata, the compounds of the group of flavonols, such as quercetin and rutin (Lopes et al., 2000) .
For quercetin, important antimicrobial properties have been identified, such as antileishmanial (Muzitano et al., 2006 , Muzitano et al., 2011 and antibacterial (Gatto et al., 2002 , Mittal et al., 2014 Prasad et al., 2014) , being a metabolite of great interest in antimicrobial studies.
Thus, the objective of this study was to evaluate the cytotoxic activity in different cell lines, antibacterial activity in different strains and antibiofilm in EAEC from aqueous extracts of leaves and the flavonoids quercetin and rutin, occurring in K. pinnata.
MATERIALS AND METHODS

Plant material
Samples of K. pinnata were collected in Jacarepaguá (Rio de Janeiro/Brazil) and a voucher specimens was deposited in the Herbarium of the University of the State of Rio de Janeiro (UERJ) under the number HRJ12515.
For the different analyses, samples of K. pinnata were grown in the greenhouse at UERJ. Plants were cultivated under in vivo conditions, in containers using fertilized soil, under sunlight and were watered twice a day. Samples of material were collected in the summer, between the months of November 2014 and February 2015, for the production of extracts and phytochemical analysis.
Phytochemical analysis
For the phytochemical analysis and evaluation of the medicinal potential of K. pinnata, aqueous extracts were prepared from leaves according to the methodology proposed by Muzitano et al. (2011) .
This fresh material was mechanically macerated and heated in distilled water at 20% (w/v) for 30 minutes at 50°C. After this period, the material was filtered, frozen at -20 and then lyophilized under pressure of 60 μmHg at -59°C. After lyophilization, the material was resuspended in sterile distilled water at the concentrations required for experimentation.
The flavonoids quercetin and rutin (Sigma-Aldrich) were used as standard substances for analysis, being solubilized 1 mg.mL -1 of substance in methanol (MeOH).
The qualitative analysis for the phytochemical aqueous extracts was performed following the protocol proposed by Barbosa (2001) . Groups of secondary metabolites of medicinal interest were evaluated, including flavonoids, alkaloids, saponins, phenols and tannins.
Cytotoxic activity of K. pinnata extracts
In order to evaluate the cytotoxic activity, cell lines that represent cells related to passage of aqueous extract in the gastrointestinal tract were selected. Thus, the cell lines HEp-2 (ATCC CCL23 originating from human larynx carcinoma), Caco-2 (ATCC HTB37, originating from human colon adenocarcinoma) and T84 (ATCC CCL248 originating colon rectal carcinoma) were used in the study.
The aqueous extracts were evaluated at concentrations of 500 and 1000 μg.mL -1 and the flavonoids quercetin and rutin at the concentration of 50 μg.mL -1
. The assay was performed in 96-well plates showing confluent layer of cells and cultivated in 100 μL of DMEM or MEM medium per well. In each culture well 100 μL extract or flavonoids solubilized in PBS-D were added, keeping the culture for 24 h at 37°C and 5% of CO 2 .
In the corresponding period of three hours before the end of cultivation (45h) 5 mg.mL -1 of solution of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) was added. After this period, the plate was centrifuged at 3000 rpm for 5 min to deposition of MTT crystals formed. The supernatant was discarded and the crystals diluted by adding 100 μL of DMSO (100%) in each well.
The reading was performed in a microplate reader at 492 nm. As negative controls, cell cultures were used in the absence of treatment and cultivation in the presence of 5% methanol. As a positive control, cells were cultured in the presence of 100% methanol. The experiments were performed in triplicate and repeated three times or more.
Antibacterial activity
In all assays, reference strains were used, obtained mostly from the American Type Culture Collection (ATCC, Rockville, MD, USA) and the other, of the collection of the Department of Microbiology, Immunology and Parasitology, UERJ (Table 1 ).
The evaluation of the antimicrobial activity of the aqueous extract and flavonoids has been carried out by the method of agar dilution (macrodilution) used by Soberon et al. (2007) with some modifications.
The bacterial strains were grown in 15×100 mm test tubes containing 3 ml of Mueller-Hinton Broth (MHB, Oxoid, Ltd.), incubated at 37°C for 18 h. The extract, at 1000 μg.mL -1 and the flavonoids, at the concentrations of 10 and 100 μg.mL -1 were solubilized in 20 ml of Mueller-Hinton Agar (MHA)
, not yet solidified, and poured into 90 mm petri dishes. As negative controls of the experiment were used MHA medium and the same medium plus 1 and 10% of MeOH representing the final concentration of solvent after solubilization of quercetin and rutin. For each treatment, 2 μL of each bacterial suspension in duplicate were plotted on the plate. The growth of colonies was evaluated after 24 h incubation at 37°C. All the material and culture media were sterilized by autoclaving at 121°C for 20 min. The experiments were repeated three times or more.
Evaluation of biofilm formation of enteroaggregative Escherichia coli (EAEC 042)
The evaluation of the growth of biofilms of EAEC 042 was performed based on the spectrophotometric assay of biofilm inhibition, using as reference the working of Namasivayam and Roy (2013) with some modifications.
E. coli suspensions were adjusted and standardized to 0.14 nm of optical density (OD), and added 100 μL of the suspension in 96 well plates. Then the extract and flavonoids was added in triplicate, being the culture maintained in incubation for 18 h at 37°C. The aqueous extract was evaluated at 1000 μg.mL -1 and the flavonoids quercetin and rutin in concentrations of 5 and 50 μg.mL After incubation, the supernatant was discarded and added 100 μL of crystal violet solution (1% w/v) for 30 min. After this period, the solution was removed and wells were washed with PBS-D, and then added 100 μL of 95% ethanol, keeping incubation for 15 min for solubilization of the crystals. The reading was performed in microplate reader at 570 nm. The calculation of the percentage inhibition of biofilm formation was in accordance with the formula:
OD in control -OD in treatment × 100 % of inhibition = OD in control
Statistical analysis
The experiment with comparisons between controls was performed by the analysis of variance of the means obtained (ANOVA) using the program GraphPad PRISM ® , being carried out after Bonferroni Barboza et al. 765 post-test, with p<0.05.
RESULTS
Phytochemical analysis
Phytochemical analysis of K pinnata leaf extracts used in the experiments (Table 2) showed the presence of flavonoids, saponins, phenols and tannins.
Cytotoxic activity of K. pinnata extracts
In cell cultures of HEp-2 ( Figure 1a ) the aqueous extract of leaves showed no toxicity. However, Caco-2 and T84 strains (Figure 1b and c) were more sensitive to the culture in the presence of the extract in a high concentration (1000 μg.mL -1
). The flavonoids quercetin and rutin and the methanol at a concentration of 5% showed no toxicity for the cultivation of different cell lines evaluated.
Antibacterial activity
The aqueous extracts of K. pinnata showed antibacterial activity, reducing the growth of Citrobacter freundii, Bacillus thuringiensis, Shigella sonnei and Escherichia coli K-12 (HB 101) grown in the presence of aqueous leaf extract obtained from plants grown in vivo (Table 2) .
At 10 μg.mL -1
, rutin was able to reduce the growth of Pseudomonas aeruginosa and C. freundii. Have quercetin in same concentration reduced the growth of P. aeruginosa, C. freundii, E. coli (17-2), Serratia marcescens and B. thuringiensis. When the concentration of these flavonoids is raised to 100 μg.mL -1 in culture, the rutin is able to reduce the growth of all strains with the exception of Enterococcus faecalis, whereas quercetin inhibited the growth of all analyzed strains (Table 3) . The controls using methanol are related to the final concentration of solvent in the plate containing quercetin or rutin, due to the fact of these substances are soluble only in this condition. At 10%, methanol in culture showed influence on the growth of P. aeruginosa, C. freundii, E. coli (17-2), E. coli (ATCC 25922) and Staphylococcus aureus.
Therefore, results of reduction or inhibition of growth of these strains in the presence of 100 μg.mL -1 of rutin and quercetin cannot be considered due to the possible influence of the solvent in cultivation. Conversely, such as 10% methanol in culture has no influence on the growth of other strains, these results can be validated.
Antibiofilm activity
The formation of biofilms of enteroaggregative E. coli (EAEC 042) was altered when grown in the presence of aqueous extract of leaves from K. pinnata and quercetin (Figure 2) . Although not express inhibiting the growth of this strain in the macrodilution assay (Table 3) , the aqueous extracts of the leaves were able to reduce the formation of biofilms of the EAEC 042 exceeding 50%. This reduction was observed in both tested concentrations (500 and 1000 μg.mL -1 ). At the highest concentration tested (50 μg.mL -1 ), quercetin was able to reduce biofilm formation. For this compound, the inhibitory concentration for 50% of biofilm formation (IC50) was 70.17 μg.mL 
Secondary metabolites Presence in the extract
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DISCUSSION
The HEp-2 strain was resistant to the presence of the aqueous extract of K. pinnata in cultivation, which J . M e d . P l a n t s R e s .
was not observed for the other cell lines. The phytochemical analysis revealed the presence of flavonoids in this extract. Once cytotoxicity was not observed to any lineage to the flavonoids quercetin and rutin, the toxicity observed in the leaf extract may not be related to the free flavonoids present in the plant.
The cytotoxic activity of extracts of the species has been attributed to compounds called bufadienolides. These are characteristically present in leaves and stems of K pinnata, being demonstrated high cytotoxicity in human carcinoma lines, especially the compounds bryofilin B and bryofilin A (Milad et al., 2014) . The presence of these compounds in the assessed aqueous extract may be related to the sensitivity observed in Caco-2 and T84 lines. This metabolite group can be considered the largest in this activity for this species, also having potential for chemoprevention of cancer (Supratman et al., 2001) .
The aqueous extract of leaves showed a reduction in the growth of four of the evaluated strains. The antibacterial activity of aqueous extracts of K. pinnata leaves was also observed in Propionibacterium acnes (Kumar et al., 2013) , Alcaligenes faecalis and Bacillus subtilis (Sharma et al., 2014) .
As observed for the aqueous extract, in vitro studies have demonstrated the antibacterial activity of methanolic extracts of K. pinnata leaves. This action is observed in strains of genres evaluated in this study, as E. faecalis (Aibinu et al., 2007) E. coli (Pattewar et al., 2013) , K. pneumoniae (Okwu and Nnamdi, 2011) , P. aeruginosa (Tatsimo et al., 2012) , S. typhi (Nwadinigwe, 2011) , S. dysenteriae (Akinpelu, 2000) , and S. aureus (Biswas et al., 2011) .
The antibacterial activity in S. marcescens was also observed in methanol extracts of the plant (Sharma et al., 2014) . In this work, the reduction and inhibition activities of this strain were observed only when grown in the presence of quercetin. The flavonoid may be one of the active principles present in methanolic plant extracts, since it shows high solubility in methanol (Megawati and Fajriah, 2013) .
Quercetin has noted antibacterial activity at concentrations above 10 μg.mL -1 being able to inhibit the growth of all the strains tested in this study. Besides these strains, quercetin also presents antibacterial activity in strains of Proteus mirabilis, Acinetobacter baumannii, Helicobacter pylori and also methicillin resistant S. aureus (MRSA) when evaluated alone or in combination with oxacillin (Ramos et al., 2006 , Ozcelik et al., 2006 . Also present in K. pinnata extracts, rutin demonstrated antibacterial activity for all tested strains. The most significant result for this flavonoid was held at the concentration of 100 μg.mL -1 , with the reduction of all tested strains. In some strains, like E. coli and S. aureus, the minimum inhibitory concentration for rutin is presented in amounts exceeding 100 μg.mL -1 (Araruna et al., 2012) . This shows the lack of inhibitory activity in low concentrations of rutin, as well as 10 μg.mL -1 , evaluated in this study.
The antibacterial activity of aqueous extract of leaves of the species may also be related to the presence of other compounds derived from plant secondary metabolism, such as saponins, phenols and tannins, present in the extract evaluated in this study ( Table 2) .
The antibacterial activity of saponins isolated from plant extracts has been demonstrated in strains of E. coli, B. subtilis and others, as well as antifungal activity (Edewor et al., 2009 , Kannabiran et al., 2009 , Maatalah et al., 2012 . Similarly, tannins and hydrolyzed tannins are active against the growth of E. coli, B. subitilis, B. cereus and B. licheniformis, Shigella boydii, S. flexneri and others, yeasts and fungi (Banso and Adeyemo, 2007, Lim et al., 2006) . Antimicrobial activity of phenolic compounds, such as phenolic acids and coumarins, was observed in strains of E. coli, Bacillus cereus and fungi (Nohynek et al., 2006 , Nitiema et al., 2012 . The increase and the effectiveness of antibacterial activity of derivatives of phenolic acids are usually related to increasing the alkyl chain in the molecule, also the butyl ester regions being effective (Merkl et al., 2010) .
Some phytochemical compounds have the ability to control the establishment and growth of bacterial biofilms. These compounds may act at different stages of biofilm formation, such as in bacterial adhesion, motility and "quorum-sensing", and have the advantage of having a lower probability of bacterial resistance (Borges et al., 2013) . Besides acting in antimicrobial activity, plant extracts can be the basis for the synthesis of active compounds. K. pinnata leaf extracts can be used for the synthesis of silver nanoparticles with antibacterial and antibiofilm activity in P. aeruginosa, S. aureus, S. pyogenes and Salmonella enterica Typhi. This activity proves to be higher than that observed for ciprofloxacin (Phatak and Hendre, 2016) .
As observed for EAEC, quercetin also shows antibiofilm activity to S. aureus, observed in in vitro assays. This quercetin in plant extracts is able to act in the repression of bacterial genes of cell adhesion and reduces the hemolytic capacity of S. aureus, being suggested for use in inhibiting the formation of recalcitrant biofilms (Lee et al., 2013) .
It can be concluded that flavonoids, like quercetin, are active principles of the extracts of Kalanchoe pinnata for antibacterial activity. Thus, phytochemical studies aimed at the research and isolation of flavonoids of the species are promising in the search for new antimicrobial agents.
Conclusion
The aqueous extract of K. pinnata leaves at low concentrations and the flavonoids quercetin and rutin showed no cytotoxicity in tested concentrations. The evaluated material presented antibacterial activity to various strains and potential to inhibit the formation of biofilms of EAEC 042. Quercetin must be considered as one of the active substance of interest responsible for the antibacterial activity.
